We report on the activation of CO 2 by the well-defined alkylzinc hydroxide (tBuZnOH) 6 in the absence and presence of tBu 2 Zn as an external proton acceptor. The slight modifications in reaction systems involving organozinc precursors enable control of the reaction products with high selectivity leading to the isolation of the mesoporous solid based on ZnCO 3 nanoparticles or an unprecedented discrete alkylzinc carbonate [(tBuZn) 2 (l 5 -CO 3 )] 6 cluster with the Zn-C bond intact, respectively.
However model studies mimicking the active Zn site in CA have so far failed to activate CO 2 beyond the bicarbonate complex due to the product inhibition effect that has been commonly observed in these systems. Undoubtedly, it is of particular significance to gain experience from biochemical model systems and utilize the bio-inspired approach in the development of more effective systems for CO 2 fixation as well as in the construction of new functional materials based on metal carbonate cores. Surprisingly, the latter issues are still essentially an unexplored area, 6 and the use of well-defined alkylzinc compounds in this context is lacking. The activation and conversion of CO 2 into useful products has also long been recognized by organometallic chemists as a desirable goal. Nevertheless simple homoleptic zinc alkyls are known to be essentially inactive toward CO 2 , due to the more covalent nature of the Zn-C bond in comparison to other M-C systems.
1c The introduction of supporting ligands and the tuning of the zinc coordination sphere allow the enhancement of the reactivity of Zn complexes toward CO 2 molecules. For example, the reaction of R-Zn-NR 2 compounds with CO 2 yields zinc-carbamates 7 while the insertion of CO 2 into Zn-OR is a basic step in the alternating copolymerization of CO 2 with epoxides. 8 In this regard, organozinc RZnOH-type compounds appear as very attractive model reagents due to the presence of both the CO 2 -reactive ZnOH group and the proton-reactive Zn-C bond (Scheme 1a) in their structure. However, low-alkyl RZnOH compounds are fairly unstable 9 and only recently our group provided a well-defined alkylzinc hydroxide, i.e.
[tBuZnOH] 6 (1) (Scheme 1b). 10 Herein we report on the activation of CO 2 by 1 in the absence as well as in the presence of tBu 2 Zn as a proton acceptor. We demonstrate that the reaction of 1 with CO 2 affords the unprecedented mesoporous material 2 based on ZnCO 3 nanoparticles of uniform size and shape, whereas tBu 2 Zn promotes the formation of the unique discrete dodecanuclear alkylzinc carbonate cluster [(tBuZn) 2 (m 5 -CO 3 )] 6 (3).
The exposure of the freshly dissolved alkylzinc hydroxide 1 in toluene to a dry and oxygen-free CO 2 atmosphere at room Scheme 1 (a) Presentation of reactive species in an RZnOH type compound and (b) representative alkylzinc hydroxide 1.
temperature afforded repeatedly the formation of a gel of zinc carbonate nanoparticles 2 (Scheme 2, path 1). After more detailed investigations we found that an excess of tBu 2 Zn in the system involving 1 and CO 2 shifts the reaction course to the unprecedented dodecanuclear alkylzinc carbonate cluster [(tBuZn) 2 (m 5 -CO 3 )] 6 (3) with a moderate yield (isolated yield 38% for tBuZnOH : tBu 2 Zn molar ratio 2 : 1), while the equimolar mixture of 1 and tBu 2 Zn in toluene as a starting reaction system leads to the formation of 3 almost quantitatively (isolated yield 91%; Scheme 2, path 2).
The resulting zinc carbonate 2 in the form of a white gel (gelation of the post-reaction mixture occurs within 24 h), upon aging for two weeks under ambient conditions, transforms into a suspension of solid, which can be separated by decantation. The latter solid 2 with the bulk density as low as 0.24 g cm , was characterized using scanning (SEM) and transmission (TEM) electron microscopy as well as infrared (IR) spectroscopy and elemental analysis. The SEM micrographs show the macro-(>50 nm) and mesoporous (2-50 nm) character of the described material 2 (Fig. 1a) .
The TEM micrographs of 2 show that the material consists of an interconnected network of essentially spherical (mean diameter of 8.0 nm) ZnCO 3 nanoparticles (Fig. 1b-d) as indicated by interplanar distances (d-values), 3.55 Å (AE0.05) corresponding to the d-values of (102) planes of ZnCO 3 (Fig. 1d) shows that the average pore diameter falls in the range of 7-15 nm, which is a commonly observed value for xero-and aerogels of many semiconductors. 11c-f It is worth noting that the majority of known aerogels contain silica as the inorganic matrix and the development of this type of material based on other inorganic building blocks is still at an early stage.
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In contrast to the 1-CO 2 system, the reaction in the presence of an equimolar amount of tBu 2 Zn leads to the alkylzinc carbonate 3. Compound 3 is stable at ambient temperature under an inert atmosphere in the solid state as well as in solution. The presence of the carbonate group in 3 is indicated by a singlet resonance at 165.3 ppm in the CP-MAS 13 C NMR spectrum as well as by a strong band at 1510 cm À1 in the IR spectrum ( Fig. S4 and S5 in the ESI †). 6a Crystallization from a dilute toluene solution at 25 1C afforded colourless cubic crystals of 3 suitable for X-ray single-crystal determination. Compound 3 crystallizes in the trigonal space group R% 3 as a dodecanuclear cluster [(tBuZn) 2 (m 5 -CO 3 )] 6 , which is an unprecedented alkylzinc carbonate aggregate (Fig. 2a) . The association of six (tBuZn) 2 CO 3 units in 3 results in a nanometer-sized barrel-like structure (ca. 17.0 Â 14.0 Å) of fused networks of four-and sixmembered heterocycles. Each carbonate anion acts as a bridging as well as a chelating ligand and bridges five zinc centres adopting the Z 2 :Z 2 :Z 2 :m 5 coordination mode, which is very rare for carbonatemetal complexes 12, 13 and has not been reported for zinc compounds so far (Fig. 2b) . The trigonal geometry of carbonate ligands is slightly distorted, which is expressed by a range of the O-C-O angles as well as the C-O bonds lengths (1.279-1.295 Å) (Fig. 2b) . The central core of 3 is comprised of six four-coordinate zinc atoms bridged by six carbonate moieties, which form a hexagonal cage (ZnCO 3 ) 6 with faces built of six-membered rings in which the Zn-O bond lengths fall within a range of 2.067-2.218 Å. Interestingly, the core in 3 is very similar to a structural motif of the hexameric ethylzinc benzoate complex, 14 and the related methylzinc derivative of N-methyl benzamide, 15 however, it is further extended on both brims by additional three tBuZn moieties at each side, forming six-membered (Zn-O) 3 rings representing a highly puckered chair-like conformation. The Zn-O distances are of two types, those bridging [2.067-2.102 Å] and those chelating [2.102-2.218 Å] zinc centers. The crystal structure of 3 is based on close-packing of molecules in a hexagonal arrangement with linear ordered molecules along the c axis (see Fig. S2 in the ESI †). Notably, to date there have been only a few examples of structurally characterized high nuclearity zinc clusters, which are regarded as potential SBU units for materials chemistry. 16 In conclusion, we have demonstrated for the first time that the alkylzinc hydroxides can be successfully utilized for the activation of CO 2 under mild conditions. Just by a slight modification of the reaction systems we isolated a mesoporous solid 2 based on single ZnCO 3 nanoparticles or the unprecedented dodecanuclear alkylzinc carbonate complex [(tBuZn) 2 (m 5 -CO 3 )] 6 (3). Thus, alkylzinc hydroxides appear to be interesting examples of organometallic Zn-OH-type compounds with reactive Zn-C bonds, where both functionalities can take part in sequential transformations. We believe that this approach shows the unique potential of simple organometallic precursors for post-synthetic modifications in order to design new functional materials based on biocompatible zinc carbonate components. Further studies on the effective fixation of CO 2 and other small molecules by organozinc hydroxides supported by organic ligands are in progress.
